High galactose levels in vitro and in vivo impair ascorbate regeneration and increase ascorbate-mediated glycation in cultured rat lens.
In contrast to conventional view that glucose is the sole glycating agent, ascorbate has now emerged as a potential precursor of advanced glycation products in lenses during cataractogenesis, owing to the high concentration present in human lens. The effects of high hexose environment in vitro and in vivo on the disruption of redox equilibrium of ascorbate (ASA) to dehydroascorbate (DHA), which is required for ascorbate-mediated crystallin modification by the Maillard reaction during cataractogenesis were examined. Organ culture experiments were performed with rat lenses that were first exposed to high galactose levels in vitro and in vivo and then incubated with 1-14C-labeled ASA, DHA or DKG (2,3-diketogulonic acid). Formation of ASA degradation products as a function of time was assessed by radiometric TLC method. Upon incubation with ASA or DHA, an elevated level of the degradation product, DKG, was detected in lenses exposed to galactose in vivo and in vitro. ASA uptake was significantly enhanced in the galactosemic lenses as compared to controls (P = 0.01). Regeneration of ASA from DHA in both galactose treated and galactosemic lenses was impaired when compared to control lens which completely converted DHA from the medium into ASA. Surprisingly, the galactose exposed lenses showed enhanced permeability to DKG which was picked up readily from the medium in contrast to normal healthy lenses which remained impermeable to DKG. Galactose exposed lenses both in vitro and in vivo showed a 5-9-fold increase in crystallin bound Schiff base-linked radioactivity when incubated with 1-14C-labeled ASA or DHA. As a preamble to the question of whether lens pigmentation predisposes towards ascorbate oxidation, lens homogenate from normal young and old pigmented cataractous lenses were incubated with [1-14C]ASA. After 2 days, ASA levels were found to have decreased by 74% and DKG levels increased by 48% in brunescent lens as compared to the young lens. These data demonstrated that profound abnormalities in ASA metabolism exist in lenses exposed to a high sugar environment suggestive of a breakdown of the redox equilibrium of ASA to DHA and a loss of membrane permeability barrier for DKG. The latter would further contribute toward a ASA-catalysed Maillard reaction in the redox impaired lens.